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PROBLEM TO BE SOLVED: To provide a programming 
method for a program nawolatile semiconductor memory 
which can perform properly data program operation for a 
twin memory cell. 



SOLUTION: This method is 
data for a memory element 
(I). A word line WL1 Is 
voltage for program (1 V). 
set to control gate voltage 
control gate CG [i] is set 
A bit One BL [t+1] is set 
program, and a bit One 
constant current source 404. 
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a method for programming 
108B of a twin memory cell 
set to word line selection 
a control gate CG p+1] Ha 
for program (5.5 V), and a 
to override voltage (2.5 V). 
to bit One voltage (5 V) for 
BL [i] is connected to a 
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DRV 3 . — WLDRV 6 3 i, * * * 1 © 1 *<0%& 

v- mzmtitzwL d r v r i *ifiegs n-ct>&. 

30 [0 04 2] 3 6«C, S|||©ci-MF7^/<2 20A 

tea. -fe**o. lwmtfffi&ss©^* ^bl 

0. BL2K8N»3hfctf»HI«l*'-h2 1 7A* 
igS6T4 0-^;l/t7 F^K7-f^'BSRV0*iiSa3 
*ffJ©a-*;l/F7-f^2 2 0BCC«. •fei' 
$0. l©WS.B3H£*B©tf * h«BLl. BL3K 
«&3tt/ct? haa»?y-F2 1 7B*BIW-40- 
Fi^F^-f^BSRV l*5Eg3n-C^5. 
[0043] (Ill^SiHJ) CCT, **»^!S©^fll^ 
ft^{^IEtlflS-C©y-f^H3l/. 

[0044] eiTOSi^tCtel.ir. SiR^a (Sele 
cted Block) . imVKDttft^V v V (Opposite Bloc 
k) Stf^jliRyn •> V (Unselected Block) 

^|-C4)4. jiS?ya ? i» <!:«. @7(C7r:-r«fc^tC. Wl 

jttf-tt©-^* o. l^WK^iftiii. w^-^-feff 
ortK:-cji«?3nfc— ^o^t-J^o » * 2 1 szm 

50 ^a-^i'<!:IlfSr4^- : E:-^a'?i'2 1 5 ^SUfcT 



C65 



*. ifeSiR^a ***0. 1 1*)©®!*^ ? 

^RCmiil^o ? >6WDfttO**-*^B ? *2 1 
b^ffi*?* (Hzf *2~6 3fe£tf) . 

[00451 4/c 'J — Fl|*ki*?a*9 A*©** 
^•a ? ^fttCtt. jliR-fe-'l' (Selected Cell : SfllSfl 
1tV O«'J**100) i#«R-b* (^selected 

Cell : SKSfttt*?*:? <f «J 1 0 0 > & 
SftfcMCt*. SfRlM F (Selected 

Side) g>y^'JjRT-10 8Atfc»l 08Bc, »ft°l * 
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*tM F (Opposite side) ©->»*».>*?■ 1 0 8 B*fctt 
1 0 8A£a**£. 

[0046] fcLh© <fe 5ftSS©Tt?< - FB#. -fn 

ie<Dgis.o f ^2(c^-r. 

[0047] 

[an 



"RISE 



"5s" 



"mr 



Selected twin MONOS Cel 
Solected CaU 



"BIT 



U5v±aiv 



-a 

sense 



Unselected Twin MONOS Cell 



BL 



ReaT 



Program 



45V 
(OppSide) 

Vdd 
jgeUHdoj 



Vdd 



0V 



Vdd 
or 0V 



sense 
or 0V 



3v 

or15V±0.1V 
orOV 



8V 



T5tv~ 



5V 



55V 



lprg=5uA 
(0to1V) 



25V 



T5Tv" 

orOV 



5V 
or Vdd 
or(0to1V) 



55V 
or 25V 
orOV 



Erase 



8V 



0V 



45to5V 



-1 to-3V 



45to5V 



-1 to-3V 



[0 048] 



* £ [312] 



Mode 
Read 


BS 

CSV 
(Opp.Side) 

Vdd 
(SeiSide) 


Opposi 
WL 
Vdd 
orOV 


ba Block 
BL 
OV 


CG 
0V 


BS 

— ov — 




BL 
F 


CG 
OV 


Program 


BV 


orOV 


0V 


OV 


0V 


OV 


F 


OV 


Erase 


8V 


OV 


OV 


OV 


OV 


OV 


F 


OV 



[0049] JiTF. m. 1 K*-3t»-C. «*- P 

©stiff k-^tsmut?.. 

[0050] (^*y^fr&©f t --*MR#tHb) — ^ 

SSI. JH2©3>H3-JUy-H 0 6A. 106BK: 

[005 1 ] •>^>^*'J-fe-'H 0 OOttflPfcttW"*"* 
CcHll/C. 09K7js-rJ:Mt\ WHit*?* 0#©*£ 
jltR^a?* (SIRS tv/cx*-;^a 5.^2 I5)rt 

(c-ci«ft'r43-?<D^-r»*y-fe-'n oo u- 

1 ] . [ i ] . [ i + 1 ] . [ i + 2 ] ©S§T©m(4© 

s nfc 'J oo [ i ] ©a-Fy- 

h 1 0 4©«[f]©MONOS^*y^l 0 8B (ii!R 
•fe^) A>e>©f t -#£y F"CR*WTJ**tC 



40 



50 



[005 2] 'HV^'J^'lOO [ i ] 

ilSJD^KfcS-?- Fy- bWL 1 Kg^tfiUB?- F 
i^ltRmEtb-CVdd <«A«1. 8V> £EPflQl> 
T. •£-©?f©SF5>y^5'T2'&5j->S-e*. 
?4 *JH 0 0 [ i ] ©£M (JW**) © 3 

>f-a-;l/y-H 0 6 Ate. t^3>Ha-^-l > 
gSCG[i] «r^-L-C*-'<7^ F«E (P«i«3 
V) 401JJDL/-C. MONOSy*'J*T-l 0 8AK«a 
T 2. h =7 > 5> ^ * T 1 > £ # ? * > * ,J * JV 
100 [ i ] ©filW©3>ha-^y-h 1 0 6B©m 
JIVCCtL-C, S*aiL,mEVread (W*.tfl. 5 

v) fcEpjnrr*. 

[005 3] t©£*. 7-Fy-H 0 4©««©M 

onos^*'J^io8b (atR-fe*) ccm^ss 

•5. 



(7) 



11 



10 



[0 054] HI 1«. 9-f»*y**l 00 t i 3 
CD*ffl (StRfHl!) ©n>ha-**»-h 10 6B- 
(OWimKt. -€-n«l«to-C©l1!SSn^MONOSy* 
'J5RT10 8B (StR-te^) K«ai"*H9>^*T 
3©V-X- FU-<>IBK8Ml*«*I d s i©^* 

[0 05 5101 lCC^-Ti^K. MONOS.**'J* 
^1 0 8 B (StR-fe*) KWWflMISn"C«.»ft''»«* 
Ktt. ;3>hn-;i>y-F*EVa3W£i.»0#^ffi*ffi 

v i ow£ffi2.£imj£i d s #ifcfttes>£. tntc** 

L-C. MONOS^^'JSR^l 0 8B (aHR**) K« 
;l/y-l-m<4VCC»^t»l/lrt^fii^EVh i ghfciB* 

[0 0 5 61 CC-C. *«-*«*lHU»IC»«MF© 
ais hn-;uy- F 1 0 6 BCCEnflOS^-S^EV r e a 
dW. 2-^©L<*^ti^EV 1 ow. Vh i shCSS 

[0057] S^TT. MONOS>*';^l 08B 

ds*«ft. MONOS>*V**108B (SSI* 

[0058] cct, hi oKTH-ri^K. f*-*^* 

wmmm 1 1 o [ i i ) **>*t:/:/k:«i*u ffi 
©^hsbl [i-n . [i + n. n + 2] © 

«&VD [i-1] . [i + 11 • U+2] tOVfc 

*n*hBBebr*<. o?zt. monos^') 
sr^-i o 8 b (StR-fe*) cc«®^sasn-c:i,»tti>« 
■^Kttmifc I d s ifimtiZtcib. *>«JS© F 9 >5>x 
$T1, T2?:/Mt 1 MfilM K©^» H8BL 

[ i ] 2 5 fiA«±©sss* s ffin-2>. cn«:*t 

U MONOSy*U5R^10 8B (illR-fe^) ««« 

^sasnrt^jg-^Kiim^i d s *«atntt«.»*:*. 

;Uc*£ta3ttfct^ H&BL [ i 1 

« 1 on A*»fcft*. *M*-f fokj fsi 

BL [ i ] «CWl««K*>^T>^KrWHr«C 
i-C. ?<f ^t'J^l 0 0 [ i ] ©MONOS^* 
'JgsVl 0 8B OStR-tzA') *>6©f-5'0i*aiL'* s °I 

[0059] %fc**iS©^jg-C«. 0 1 0 KtjsT J: 5 
K. KjhtBLti], [i+2] KttK»HHHR 
|--5>:/X* (nSMOS F9>S>**> 2 1 7 A**. 
K,«BL[i-l], [i + 1] (ctttf»HKMR 
F-7>t?**2 1 7 B#£t£i**VCl>£. 
[0 06 0] Ctl6flW«RF*>^*2 17 A. 12 
7 Btt"^-f' - XO««-C1tSMDWfi***< <!: 
ttBl»-C*'5. *Kj6fe©^«S-C«m«? + *^'® w = 
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0. 9itm. ^ + *^fiL=0. 8*tmt&o-CI,»4. 
[0 06 1] *>XT>^K«*S*i*K» F&BL 
[ i ] icitl&CDM&fem&tZuZ&t^-, MgjSJR 
Y=j~si>*92 1 7 KOy-YnSAWfi^^^M 

[0 0B2]-#. HI 0©3tRlM F©MONOS^ 
^fc'J^F-l 0 8 A©V-*flH©*Et*OVfcifil»>«E 

«H-^mV8«> C©fc«>. tr?F0l3gtR 

F 5 * 2 1 7 B©'< » # f- F ©fias»4>fc<<>© 
-C. ■€•©*'- F«ffi*VddKH5£l/t:n4. C©y- 

FKtt4. 5 V ±a©^E 
HISS (**-5>#>:7> ©mfirS^ft 

X\t. &l©iI9©«EH5£itt*. 
[0 0 6 4] -fe^$0rt©StR^O^^iMl*J-r 
S-te * * l ^©tttfJ^a ? * Jt^n ?^2i 

5) -Ctt. Jb*D»2©*9©«fflH* itt5 * •£©« 
T-*H12K*i". H12K*$l.>t. »9-FiWL© 

*0. ltft«S*iSfca>. HI OK7iCf5«R^'ci»i> 

rttHWRjetft*. k» F«t**rov«:we*h 

[ 0 0 6 5 ] StR^a y t>RUmft-7v v 9KWtti 

;^n^2 1 5) T?ti. ±^©a2©il , 3©SI£a5£ 
itt«3. *<E>8tf-*H 1 3 K^-f . 
[0066] CfltfMR^a * fTtt. K » FI&8!R F 
7>y^>2 17A, 2 17B©y-FmE. "7-Ffi 
vl. a>ha-;uy-F^CG©i^-rnfe*sov«:S: 
h«BRh5>S?X*2 1 7 A. 217 
B«i*7l/-CH*©-C. tr?h»BLB7d-f^f 

[0 067] (^t'J'feA'C^By? 5>y) IS 1 4 
tt. 7-K8WLlKfiSiSnfc-MWt'J^H0 
0 [ i ] ©7- F'y-F 1 04©^IW©MONOS^* 

ijffl0 8B (SiR-fe^) ©f-*^a^5>y(C 
WtiBWr&H-CAO. HI 5 HSMR^o » *rt©« 

40 abfpcr>Mtc«. \mt^-'? m^m^mm zti-c^ 

[0068] HI 4rtt. H9iPlC;<. *^3>FO 
-;l/y- hSISCG [ i ] ©mftte*-'"^-* FSfit 
(WA«2. 5V) tSn. ^^3>Fd-^-FS 

SCG[i-l]. t i +2] ©sfit«ovisn-ci> 

100 [ i ] ©aE0B©MONOS^*y*-7-l 0 8A 

(stRWwss-^tttJ^ffli©^) ©^oy^A©WM 

Kjii)bP»-r. MONOS^t';*+l 08A«CtS^T5. 
50 h7^?Tl*t>?tit^n^7AfS4atfc 
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191 5©»9-Fy-h 
1 0 4©tS{4tt. ^- H«WL 1 tC«t 0 . m®fSEV d 
d«J:9<5t>B*.«l- OVfiKO^o^Al^-FS 

[ i + 1 ] ©Si©3> F a-Ji/y- H 0 8 B (JBtR 
•fe*) ©1§tiU*. 1f^3>hO-^-t-8SCG t i 

■C**H4«c5k-rtl#ji*«EVwr i t e <«*.« 
5. 5V) KifcSS*!*,. 

[0 06 91 *«c. tr» HRBL©mERSK-^»'C. io 

01 B*#J»ly"CtW»-*. Bl 81*. K» FJgBLtC 

gi)Bisn*Y^^@K4oo<ortaj ; &«iB5WK:^oxi> 

■5. 

tO 0 7 0] C©Y» - ;MI1S84 0 Ortfcl*. fcT? FSflB 

«>©Sfl $401t, *tife«W«BK« 
fcTSfc*©B2©F5>^**40 2i*»KW6*i 
4. gl. »2©h5>y^f 4 0 1 , 4 0 2©y-h 
K«fflS-r-S(S^YSO. /YSO#A+Ji**i*. 
[0 07 1 ] JH2Oh9>5>X*40 2©V-^K:t*. 20 
;U»*403**bT«B*EVdd (1. 8V) 

t . b*.« 5 m A©j£«**iM"Ji«*«4 o 4 tm» 

[0072] T/a^AlSfctt. 0 1 4R.CX0 1 5©fcf 
9 F&B L [ i + 1 ] ©*EV D [ i + 1 ] I*. B 1 6 

[0073] *fc. K»HIBL [i+2] I*. 016 
©fjl2©h7>s;;*240 2;&tf;W ?^4 0 3^O 3 

-CVddCC^3n&. 
[0074] e-^hiSBL [i-U . 
01 6©3f2©F-7>^X*4 0 2RO';W »H0 3 
^U-C5£mSSiS4 0 4K£l&3ft*. fc*£U K»'F 
®BL [ i -1] KWI8hfcMONOS*M*. *© 
3>|.n--**'-HRCG [i-1] *50V©fc**7 

0 VKf8:S3*x&. 

[007 5] C5TS£. 9-f>^*'i**100 
[ i ] ©F-5>t?**Tl. T2^-en-e4i*>^"c. 

» F8BL [ i ] Kfitf-tmSS I d s*>«lfcn*-:fr 
■C. MONOS^'JSR^- 108B©ONO&1 09K 
HUfhOV (CHE)*«h7^ 

sns. c5u-c. monos^* 1 ;^! osb©^ 
n y^ 5> ^gj,(^i^tfisn-c. r-f© roj */c« 
r i j #»t&$n£. 

[0 07 6] CCt, ^ay7Affi"7-FfiiM?«tt4 
filVTft.<0. 7 7VggW:g3£U £?F^BL 

[ i ] fcovt-r ***©#*«*, ^ 
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FUSBL [i] KiSniitf®S*. 5EmflSi@4 0 4K:-C 
«RL-C»,»*©-C. H9BL [ i ] ©HESrSiSK 
(o~i v©ffiffl-c**SS^SS-c»o. 7VgS) 

[007 7] ±a©ttflp±. ^iS^©'> <f * U ** 

ioo [ i + 1 ] ©sb©***^ 1 0 8 A 

©3>H3-;Uy-h«:4)5. 5 V#EPflnS*l*. C© 
it. ^^'J^HOO [ i + 1] ©£«©=»> 
m-^y-hCG [ i + 2] fcOVilz-CI,**©-?. 
^gft^-fvy^u-fe^i 0 0 [ i + 1 ] ©V-* • h> 

4 >b (e? fbb) Ksmsa^n^^. i/*»u tr 
^ hiSSBL :[ i + 1 1 KU*5V*iEPJra;?ns©-r. va 

>y*tJ-te;H0 0 [i + 1] ©V-*- FW>B 
-C. tf? hittBL [i+2] (Dlff40Vtii<. 

tfv ddti/, v-* • f u-f >B©*tt**^s < h 

®BL [i+2] ©gE£0V£:fi;i£^E. SfSK 

tt^ay^ABt©-?- F«a»i«ffitB9aJbfi"*c 

i-c. y*yHz;u[ i + 1] ©1-9>5*X*T2**> 

[0 07 8] t^SBL [i + 1] K5V*i 

7B©y-hK». 8 V£EUJraUTl,>£. ~ e * 1" 
gyiiRh7>i>X*2 1 7 A©y-hK^t;< 8V* 
0 EPttlbfc. K» MSB L [ i + 2 ] K±i£UdI[&-?V 

tCfeVddJcDHSl^E^Btta-r*^* 5 **^. F 
7>i^^$2 1 7B©y-F«EE£BC8V*«BL- 
fc. fcfe. K,FtaS»?F7>yx$2 17A©y-F 
®Bi. Vdd+VthiOSMnim'. 

[0079] fcto. StR^a v jfrto^WUsJUcot* 
■CI*. au©a9©*ER5£ift*. 

[0080] fe**0rt©3BR^a?*t*tl fi J'*" 

40 5) "Ctt. ±^©*2©iiO©^H19:S«i:%0. €©« 
T-*0 1 7 tc^T. 0 1 7 ICfc^-C. F^WL© 
^K. M&SK?F7>fX2©y-FmEl*. *f 
^0. l-C«ffl5nSfcst>. 01 AVLmtrnVW''* 

[0 0 8 1 ] iiJRT'ci y ^R^lSJ^Oy ^tW1--C*o 

r. ■fe**o~6 3Kffifcra#w?^ :I »* 

;^n^2 15) -C». ±3i©^2 ©ii 0 

i^i). ■e-©8H L *0 1 8 tcm-r. 

50 [0082] C©^StR^O 7 f-Cl*. K 7 F^SiR h 



10 



(9) 

15 

7>yx^2 17A. 2 1 IBOY-hmE.. 7- FIB 
WU 3>hn-Jl/y-h»CGOIr»Th*>*«0VKR 
5£Sn*o tf?F««RF*>^**2 17A. 217 

[0 0 8 3] ?-f>y*y-feJH 0 0 [i]<D£{ffl©M 
ONOSy^USR^ 1 08 A*^O^A-Ti(Ctt, ? 

-fWt'J^HOO [i-U. [il. + 
[0 08 4] (^*y-fe/WDy-*tB*> H2 01*. -b 

<D«BS»W0"c*<h 02 icc-e<D-fe**o<D— sbc» 

[0 0 8 5]H20ttfc Stf-Ff-M 0 4<D«tt 

t*, 9--F«WLfcj:->rov«cttesn. -y-^vF 

p-;wy-h»SCG [i-l] . [i]. [i + 
1] . [i+2] K:J:oT, rj>Fa-;t/Y-F 106 
A, 10 8B©«tt»«*tf-l^-3VBfltO?«*« 

hiSBL [i-l] . [13. [i + ll . ti+2] 
(DSm{4«. tf? F»»IF^>S***2 1 7 A. 2 1 
7B. KjHFM;<IcJ:!)»»B4. 5-5 VOW 

[0 0 8 6] C9T*i. *MONOS^*9*?l 0 
8A. 10 8BOONOBU 0 9 0CP**:7S*VCl>fc 
WH*. r^Fn-^^Fteffl^Sftta^fflnvF 
a-jvy-h*E£. tr* Faunas ftfc«*Stf* 

HR«BEi-we«Sti*WMCj:"5, F 

tt«»©*ffi<D/0 F F F >* y > y0C«fc 0 * 
F*-**»fcU •Jt&tiT^fcxu* F*>*W* 

[0 0 87] */c, -fe^^rt*— JSl/T-f-^iBAT* 

5> -c«. ±&<Dm2<mQonB80££te*)s 

-f-£02 2K:^T. H2 2«:fccvc % *9-F«WL© 

^0, l-CWBSti£fctf>> 01 8«CS%ra»l^nsr^ 
rttBCfBEitt*. F«tt£-C0VfciWE3n 

-HCGttf » HBLi*»«C0Vt*4©t, 7 s 

[008 9] SStR^O ? *2fctf»fl:7ci 7 o 

itt 0 > *©a**H 2 3 
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[0 090] C©*SR^O * »tMt ^ FaS!R F 
5>S/X*2 1 7 A, 2 1 7B©y-F«EE. «7-Ffi 
WL. aVFO-JUy-HllCGOt^nfc^OVCCR 
3£8h4. Faa!RF5>^X*2 17A. 2 17 

tta&fc*. fcft-u FaBL©*E«K±A,£o 

[009 1 ] ft*. *^W«±2L/c^8SOJ&J80C|Rffi 

[0092] 5RWStt^*yj|W-l 08A. 1 

0 8BO«8Koiittt, MONOS»JiCCE3£Sn4 
fcO"Cli^C^ lo©7-Fy-H 04t*l. *2 
O3>FP-M-H0 6A, 10 8Bfc:J:*K 2S 

ifflccttftL-c w»* F ^ ^ -f > 

^*yt>btffl^fc^iaS2|^MWtttta[«:. 

Wb-fc**t y ^ trftos* y -fejVWcotvttt 

Vv*<Dttffl>h9a>btitL. feu* *-Meatr*** 

it«l 6»«0cTn«, i2jaoa>Fn-^y-F«<D 

fij#njfcfe<b ft*. fc/cU 1 6#»£T&£^>:3> 
Fo-;wy-Fa©»#*S*.£<&^ 5>f>&^^-^ 

[HB©1B*ttlWn 

[01] *«M(D—SIJt©J&»K:«a^F»«tt*»(*E 

tasiwcfflc^hi^^y-fe^Wrnia"^**- 

[02] 02 (A) KB 1 

^#(D¥igWT^ FISL 02 (B) IJ02 (A) * 

oz-ovtzzmmospm®* 02 (o »H2 (b> 
qo^oj^yfuyfovm* 02 (D) ^02 

(C) rp©-0©7-^O^OTIB, 02 (E) 
«02 (D) *<D— -3©^*-^^n 7 ^OflBt* 
4„ 

[03] 02 (B) KSW— OO-fe^^^O^SOX 

kk^0t*4. 

[04] H3(c*T«-^t'J^0 7 ^coiiffi0r 

[05] 0 3cc^-r^' = &-^^' : &y^^ , 2' ^ ir3> ^ n 

so [06] Hffljr*2*^**©2oa>-rf j ey^a5F^i 
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-c<&4„ 

[0 8] HlCC^r>* , J'fe^©*OHKH , C*i. 
110] f-^S^ltil^tOiHR^a * ^rtcDmE 



20 



[Bill HI icSf ^*'J*^03> hn-^- io 

T^t£0"c*4,» 

[012] f- jrBi*mL*-c©*a*i©*ti*^ a * * 
« ©*E»je*«9! t a tc#><oim®.*m -c * * . 

[013] 7 s -^^fflUB*'C<D*frPl^O * ZHMHOft 
tNfc4. 

[0 1 4 ] 0 1 4C7n-r^»^*^<*iBtf ^S-COf 1 - 
(^o^A) »ff*8liflr4te«)©«W« 

• HB0"C£>4p 

[015] f=-dr^oy^AieTflWBIR^n9^rt©« 

4 fc#>O«BS!ftW0'T * 4 - 
[016] F»ccffl»Sti4Y/<^@B*«WW^ 

^■naRHt?*4. 

[017] ^-^^ny^AB^-CO^iS^^^^^ 
^rt(D«E^*K^^4fc*0«BS»WHr*4i 

[018] ?-*v*VLVv2*n^onfa?vvzvm<b 
0r$>5. 

[019] 01 5&a*tt4»W^ FflM*y*W 

»-T47 :r -^^oy^AB#'c<DiitR^v3^ *rt©«Ea 
5e*ttwr4^a>©«Bssi?8Ht?*4. 
[02 o ] 0 i «c^r^«t*awWB«ft«^^^-- 

[02 1] 5 r -*«l*»C©3HR^o y^rtomBHBt* 
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4 tob©«*BStft930'C *> 4. 

[022]^- >«*»C©*MBR©>M^ * * 
^JE^E^St^-r 4/c2?)CO»%lftW0'C* 4 . 

[023] ^-^aiaawrtw^oy^KWowBi 
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PROBLEM TO BE SOLVED: To provide a programming 
method for a program non-volatile semiconductor memory 
which can perform properly data program operation for a twin 
memory cell. 

SOLUTION: This method is a method for programming data 
for a memory element 108B of a twin memory cell (i). A word 
line WL1 is set to word line selection voltage for program (1 
V), a control gate CG [i+1] is set to control gate voltage for 
program (5.5 V), and a control gate CG [i] is set to override 
voltage (2.5 V). A bit line BL [i+1] is set to bit line voltage (5 
V) for program, and a bit line BL [i] is connected to a 
constant current source 404. 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more arrays of the twin memory cell which has the one WORD gate and the 1st, 
1st [ which are controlled by the 2nd control gate ], and 2nd nonvolatile memory component are 
carried out. Three adjoining twin memory cells by which said WORD gate was connected to one 
word line (i-1), It is the approach of programming data among (i) and (i+1) to said 2nd nonvolatile 
memory component of said twin memory cell (i). Set said word line as the word line selection 
electrical potential difference for a program, and said 2nd control gate of said twin memory cell (i) 
and said 1st control gate of said twin memory cell (i+1) are set as the control gate voltage for a 
program. Said 2nd control gate of said twin memory cell (i-1) and said 1st control gate of said twin 
memory cell (i) are set as an exaggerated RAIDO electrical potential difference. The bit line by 
which common connection is made is set as said 2nd nonvolatile memory component of said twin 
memory cell (i), and said 1st nonvolatile memory component of said twin memory cell (i+1) at the 
bit line electrical potential difference for a program. The program approach of the non-volatile 
semiconductor memory characterized by connecting to a constant current source the bit line by 
which common connection is made at said 2nd nonvolatile memory component of said twin 
memory cell (i-1), and said 1st nonvolatile memory component of said twin memory cell (i). 
[Claim 2] Two or more arrays of the twin memory cell which has the one WORD gate and the 1st, 
1st [ which are controlled by the 2nd control gate 1 and 2nd nonvolatile memory component are 
carried out. Three adjoining twin memory cells by which said WORD gate was connected to one 
word line (i-1), It is the approach of programming data among (i) and (i+1) to said 1st nonvolatile 
memory component of said twin memory cell (i). Set said word line as the word line selection 
electrical potential difference for a program, and said 2nd control gate of said twin memory cell (i- 
1) and said 1st control gate of said twin memory cell (i) are set as the control gate voltage for a 
program. Said 2nd control gate of said twin memory cell (i) and said 1 st control gate of said twin 
memory cell (i+1) are set as an exaggerated RAIDO electrical potential difference. The bit line by 
which common connection is made is set as said 2nd nonvolatile memory component of said twin 
memory cell (i-1), and said 1st nonvolatile memory component of said twin memory cell (i) at the 
bit line electrical potential difference for a program. The program approach of the non-volatile 
semiconductor memory characterized by connecting to a constant current source the bit line by 
which common connection is made at said 2nd nonvolatile memory component of said twin 
memory cell (i), and said 1st nonvolatile memory component of said twin memory cell (i+1). 
[Claim 3] It is the program approach of the non-volatile semiconductor memory characterized by 
being set as an electrical potential difference high to extent which can pass the current beyond 
the current which flows in said constant current source between the source drains of said twin 
memory cell containing said nonvolatile memory component by which said word line selection 
electrical potential difference for a program is programmed in claims 1 or 2. 

[Claim 4] It is the program approach of the non-volatile semiconductor memory characterized by 
having the ONO film with which each of the said 1st and 2nd nonvolatile memory component 
consists of an oxide film (O), a nitride (N), and an oxide film (O) in claim 1 thru/or either of 3 as a 
trap site of a charge, and programming data to said trap site. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the program approach of the non-volatile 
semiconductor memory which consists of twin memory cells equipped with two nonvolatile 
memory components controlled by the one WORD gate and the two control gates. 
[0002] 

[Background of the Invention] As a non-volatile semiconductor device, the gate insulating layer 
between a channel and the gate consists of a layered product of the silicon oxide film, a silicon 
nitride film, and the silicon oxide film, and the MONOS (Metal-Oxide-Nitride-Oxide-Semiconductor 
or -substrate) mold with which the trap of the charge is carried out to a silicon nitride film is 
known. 

[0003] This MONOS mold non-volatile semiconductor memory is indicated by reference (Y. 
Hayashi, et al f 2000 Symposium on VLSI Technology Digest of Technical Papers p.122-p.123). The 
twin MONOS flash plate memory cell which equipped this reference with two nonvolatile memory 
components (MONOS memory device) controlled by the one WORD gate and the two control 
gates is indicated. That is, one flash plate memory cell has two trap sites of a charge. 
[0004] Two or more arrays of two or more twin MONOS flash plate memory cells which have such 
structure are made to carry out in a line writing direction and the direction of a train, respectively, 
and a memory cell array field is constituted. 
[0005] 

[Problem(s) to be Solved by the Invention] In order to drive this twin MONOS flash plate memory 
cell, two bit lines, one word line, and two control gate lines are required. However, even if it is the 
different control gate, when facing driving many twin memory cells, and setting it as the same 
potential, common connection of these lines can be made. 

[0006] There are elimination of data, a program, and read-out in actuation of this kind of flash 
memory. A program and read-out of data are usually simultaneously carried out in a selection eel 
(8 bits or 16 bits). 

[0007] Here, in a MONOS flash memory, two or more twin MONOS flash plate memory cells by 
which relatively-prime child separation is not carried out are connected to one word line. And in 
order to program data in a certain specific selection eel (selected nonvolatile memory component), 
electrical-potential-difference setting out of the twin MONOS flash plate memory cell which 
adjoins not only electrical-potential-difference setting out of a twin MONOS flash memory but it 
which has the selection eel must be carried out appropriately. 

[0008] In case this invention programs data to a selection eel, it is to set up appropriately the 
electrical potential difference to the twin memory cell which adjoins the twin memory cell and it 
containing the selection eel, and offer the program approach of a non-volatile semiconductor 
memory that the data program to a selection eel can be carried out certainly. 
[0009] 

[Means for Solving the Problem] Two or more arrays of the twin memory cell in which one mode of 
this invention has the one WORD gate and the 1st, 1st [ which are controlled by the 2nd control 
gate ], and 2nd nonvolatile memory component are carried out. Three adjoining twin memory cells 
by which said WORD gate was connected to one word line (M), It is the approach of programming 



JP2002-334588 



data among (i) and (i+1) to said 2nd nonvolatile memory component of said twin memory cell (i). 
Set said word line as the word line selection electrical potential difference for a program, and said 
2nd control gate of said twin memory cell (i) and said 1 st control gate of said twin memory cell 
(i+1) are set as the control gate voltage for a program. Said 2nd control gate of said twin memory 
cell (M) and said 1st control gate of said twin memory cell (i) are set as an exaggerated RAIDO 
electrical potential difference. The bit line by which common connection is made is set as said 2nd 
nonvolatile memory component of said twin memory cell (i), and said 1st nonvolatile memory 
component of said twin memory cell (i+1) at the bit line electrical potential difference for a 
program. It is characterized by connecting to a constant current source the bit line by which 
common connection is made at said 2nd nonvolatile memory component of said twin memory cell 
(i-1) t and said 1st nonvolatile memory component of said twin memory cell (i). 
[0010] Two or more arrays of the twin memory cell in which other modes of this invention have 
the one WORD gate and the 1st, 1st [ which are controlled by the 2nd control gate ], and 2nd 
nonvolatile memory component are carried out. Three ac(joining twin memory cells by which said 
WORD gate was connected to one word line (M), It is the approach of programming data among 
(i) and (i+1) to said 1st nonvolatile memory component of said twin memory cell (i). Set said word 
line as the word line selection electrical potential difference for a program, and said 2nd control 
gate of said twin memory cell (M) and said 1st control gate of said twin memory cell (i) are set as 
the control gate voltage for a program. Said 2nd control gate of said twin memory cell (i) and said 
1st control gate of said twin memory cell (i+1) are set as an exaggerated RAIDO electrical 
potential difference. The bit line by which common connection is made is set as said 2nd 
nonvolatile memory component of said twin memory cell (i-1), and said 1st nonvolatile memory 
component of said twin memory cell (i) at the bit line electrical potential difference for a program. 
It is characterized by connecting to a constant current source the bit line by which common 
connection is made at said 2nd nonvolatile memory component of said twin memory cell (i), and 
said 1st nonvolatile memory component of said twin memory cell (i+1). 

[001 1] Also in which mode of this invention, with restricting the current which flows into a bit line 
at the time of a program according to a constant current source, the electrical potential difference 
of the bit line can be set up appropriately, and program actuation can be carried out certainly. 
[0012] Here, as for the word line selection electrical potential difference for a program, it is 
desirable to set it as an electrical potential difference high to extent which can pass the current 
beyond the current which flows in said constant current source between the source drains of the 
selected twin memory cell (between bit lines). Even if such, since a constant current source can 
restrict uniformly, the current which flows into a bit line at the time of a program can set up the 
electrical potential difference of the bit line appropriately, and can carry out program actuation 
certainly. 

[0013] Although each of the 1st and 2nd nonvolatile memory component can have the ONO film 
which consists of an oxide film (O), a nitride (N), and an oxide film (O) as a trap site of a charge, 
not only this but other structures can be used for it. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
with reference to a drawing. 

[0015] (Twin memory cell structure) Drawing 1 shows one cross section of a non-volatile 
semiconductor memory. In drawing 1 , one twin memory cell 100 has the WORD gate 104 formed 
on the P type well 102 from the ingredient which contains polish recon through gate oxide, the 1st 
and 2nd control gate 106A and 106B, and the 1st and 2nd memory device (MONOS memory 
device) 108A and 108B. 

[0016] The 1st and 2nd control gate 106A and 106B is formed in the both-sides wall of the WORD 
gate 104, and is electrically insulated in the WORD gate 104, respectively. 
[0017] Each of the 1st and 2nd memory device 108A and 108B consists of carrying out the 
laminating of an oxide film (O), a nitride (N), and the oxide film (O) between one and the P type 
wells 102 of the 1st [ which is formed in. the polish recon equivalent to M (metal) of MONOS ], and 
2nd control gate 106A and 106B. In addition, the 1st and 2nd control gate 106A and 106B can also 
consist of electric conduction material, such as silicide. 
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[0018] Thus, one twin memory cell 100 has the 1st and 2nd MONOS memory device 108A and 
108B equipped with the split gate (the 1st 2nd control gate 106A and 106B), and is sharing the 
one WORD gate 104 by the 1st and 2nd MONOS memory device 108A and 108B. 
[0019] The this 1st and 2nd MONOS memory device 108A and 108B functions as a trap site of a 
charge, respectively. Each of the 1st and 2nd MONOS memory device 108A and 108B can carry 
out the trap of the charge by the ONO film 109. 

[0020] As shown in drawing 1 , common connection of two or more WORD gates 104 which set 
spacing to the line writing direction (the 2nd direction B of drawing 1 ), and were arranged is made 
at one word line WL formed by a polycide etc. 

[0021] Moreover, the control gates 106A and 106B shown in drawing 1 extend along the direction 
of a train (the 1 st direction A vertical to the space of drawing 1 ), and are shared by two or more 
twin memory cells 100 arranged in the direction of a train. Therefore, Signs 106A and 106B are 
also called a control gate line. 

[0022] Here, the subcontractor trawl gate line SCG [i+1] formed in the upper metal layer rather 
than the WORD gate, the control gate, and a word line is connected to control gate line 106B of 
the twin memory cell 100 of eye [i] watch [i], and control gate line 106A of the twin memory cell 
100 of the st] watch [i+1]. 

[0023] The impurity layer 110 [i+1] of the 1st [ which is shared by MONOS memory device 108B 
of the twin memory cell 100 of eye [i] watch [i] and MONOS memory device 108A of the twin 
memory cell 100 of the [i+1st] watch [i+1] / [the i+1st] ] watch is formed in the P type well 102. 
[0024] It is n mold impurity layer formed in a P type well, and it extends along the direction of a 
train (the 1st direction vertical to the space of drawing 1 of direction A), and these impurity layers 
110 [i], [i+1], and [i+2] function as a bit line shared by two or more twin memory cells 100 
arranged in the direction of a train. Therefore, a bit line BL [i], [i+1], and [i+2] call a sign 110 [i], 
D+1], D+2], etc. 

[0025] (The whole non-volatile semiconductor-memory configuration) The whole non-volatile 
semiconductor-memory configuration constituted using the above-mentioned twin memory cell 
100 is explained with reference to drawing 2 (A) - drawing 2 (E). 

[0026] Drawing 2 (A) is the flat-surface layout pattern of the non-volatile semiconductor memory 
of one chip, and has the memory cell array field 200 and the global word line decoder 201. the 
memory cell array field 200 — for example, a total of 64 the 0- it has the 63rd sector field 210. 
[0027] 64 sector fields 210 are what divided the memory cell array field 200 in the direction B of 
the 2nd (line writing direction), respectively, as shown in drawing 2 (A), and each sector field 210 
has the longwise configuration which makes a longitudinal direction the direction A of the 1 st (the 
direction of a train). The smallest unit of data elimination is the sector field 210, and the stored 
data in the sector field 210 is put in block, or is eliminated by time sharing. 

[0028] The memory array field 200 has 4K word lines WL and 4K bit lines BL. With the gestalt of 
this operation here, since two MONOS memory devices 108A and 108B are connected to one bit 
line BL, 4K bit lines BL mean the storage capacity of 8Kbit. The storage capacity of each sector 
field 210 is 1/64 of the storage capacity of the whole memory, and has the storage capacity 
defined by x(4K word lines WL) (64 bit lines BL) x2. 

[0029] Drawing 2 (B) shows the detail of two sector fields 210 where the non-volatile 
semiconductor memory shown in drawing 2 (A) adjoins each other, the 0th and the 1st. As shown 
in drawing 2 (B), the local drivers (a local control gate driver, a local bit line selection driver, and a 
local word line driver are included) 220A and 220B are arranged at the both sides of two sectors 
210. Moreover, the sector control circuit 222 is arranged at the top chord of two sectors 210 and 
two local drivers 220A and 220B. 

[0030] Each sector field 210 is divided in the 2nd direction, and has 16 memory block 214 I/O0 - 

for 1/015 (memory block corresponding to an I/O bit) for 16-bit data possible [ read/write ]. Each 

memory block 214 has the word line WL of 4K (4096) book, as shown in drawing 2 (B). 

[0031] As shown in drawing 2 (C), one memory block 214 shown in drawing 2 (B) is divided into 

eight large blocks 212 in the direction A of the 1st. This the large block 212 of each is divided into 

eight small blocks 21 5 in the direction A of the 1st, as shown in drawing 2 (D). 

[0032] Each small block 215 has 64 word lines WL as shown in drawing 2 (E). 
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[0033] (Detail of a sector field) Drawing 3 shows the detail of the sector field 0 shown in drawing 2 
(A). The small memory block 216 shown in drawing 3 arranges four twin memory cells 100 in the 
direction of a train at 64 pieces and a line writing direction, for example, as shown in drawing 4 . 
Four subcontractor trawl gate lines SCG0-SCG3, four bit lines BL0-BL3 which are input output 
lines of data, and 64 word lines WL are connected to one small memory block 216. 
[0034] Here, common connection of each 2nd control gate 106B of two or more twin memory cells 
of an even number train (the 0th train or the 2nd train) and each 1st control gate 106A of two or 
more twin memory cells of an odd number train (the 1st train or the 3rd train) is made at the even 
subcontractor trawl gate lines SCG0 and SCG2. Similarly, common connection of each 2nd control 
gate 106B of two or more twin memory cells of an odd number train (the 1st train or the 3rd train) 
and each 1st control gate 106A of two or more twin memory cells of an even number train (the 
2nd train or the 4th train) is made at the odd subcontractor trawl gate lines SCG1 and SCG3. 
[0035] As shown in drawing 3 , in order to arrange the small memory block 216 in the 64 directions 
of a train in one memory block 214 and to perform 16-bit I/O, 16 memory block 214 corresponding 
to 16 I/O0 - 1/015 is arranged by the line writing direction. 

[0036] Common connection of the 16 subcontractor trawl gate lines SCG0 of 16 small memory 
block 216 arranged by the line writing direction is made at the line writing direction at the Maine 
control gate line MCG0. Similarly, 16 subcontractor trawl gate lines SCG2 are carried out at the 
Maine control gate line MCG2, and common connection of the 16 subcontractor trawl gate lines 
SCG3 is made for 16 subcontractor trawl gate lines SCG1 on the Maine control gate line MCG3 at 
the Maine control gate line MCG1, respectively. 

[0037] The CG driver 300-0 to 300-63 which is the control gate actuator of this sector field 0 is 
formed. Four above-mentioned Maine control gate lines MCG0-MCG3 prolonged in a line writing 
direction are connected to this CG driver 300. 

[0038] Drawing 5 shows the relation between the phase next door **** sector field 0 and the 
sector field 1. Although, as for the sector field 0 and the sector field 1, a word line WL is shared, 
the Maine control gate line MCG and the Maine bit line MBL are formed independently, 
respectively. In drawing 5 , the CG driver 300-0,300-1 especially corresponding to the sector field 
0 and the CG driver 301-0,301-1 corresponding to the sector field 1 are shown, and CG driver is 
independently prepared for every sector field. 

[0039] Common connection of each bit line BL0 (impurity layer) arranged every small memory 
block 216 is made at the Maine bit line MBL which is metal wiring. This Maine bit line MBL is 
shared between small memory block arranged in the direction of a train. In the middle of each path 
from this Maine bit line MBL to each bit line BL0 in small memory block, bit line selector-gate 
21 7A is arranged. In addition, although omitted by odd number Motome's bit lines BL1 and BL3, 
and BL5 — by drawing 5 to above-mentioned bit line selector-gate 21 7A being connected to even 
number Motome's bit lines BL0 and BL2, and BL4 — , respectively, bit line selector-gate 21 7B is 
connected (refer to drawing 10 and drawing 1 5 ). 

[0040] The detail of two small blocks 215 in the two 0th and 1st adjacent sector field 210 and the 
local drivers 220A and 220B of the both sides is shown in drawing 6 . As shown in drawing 6 , four 
local control gate line drivers C GD RV0-CGD RV3 equivalent to the CG driver 300 shown in 
drawing 3 and drawing 5 are arranged at left-hand side local driver 220A. Similarly, four local 
control gate line drivers CGDRV0-CGDRV3 equivalent to the CG driver 301 shown in drawing 5 
are arranged at right-hand side local driver 220B. 

[0041] Moreover, WLDRVR0 which drives a sector 0, the even-numbered word line 0 and WL 2 in 
one, the local word line drivers WLDRV0 and WLDRV2 that drive — 62, and one redundancy word 
line in — WLDRV62 and a sector 0 is arranged at left-hand side local driver 220A. A sector 0, the 
odd-numbered word line 1 and WL 3 in one, the local word line drivers WLDRV1 and WLDRV3 that 
drive — 63, — WLDRV63, and WLDRVR1 which drives one redundancy word line of a sector 1 are 
arranged at right-hand side local driver 220B. 

[0042] Furthermore, the local bit line driver BSRV0 which drives bit line selector-gate 21 7A 
connected to sectors BL0 and 1 [ 0 and ] BL2, for example, the even-numbered bit lines, is 
arranged at left-hand side local driver 220A. The local bit line driver BSRV1 which drives bit line 
selector-gate 21 7B connected to sectors BL1 and 1 [ 0 and ] BL3, for example, the odd- 
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numbered bit lines, is arranged at right-hand side local driver 220B. 

[0043] (Explanation of operation) Here, data read-out, the data program, and data elimination 
actuation of this operation gestalt with a non-volatile semiconductor memory are explained. 
[0044] the following explanation — setting — a selection block (Selected Block), a non-choosing 
opposite block (Opposite Block), and un-choosing — a block (Unselected Block) — the vocabulary 
is used. These are the classes of mnemonic name of the small block 215. A selection block means 
one small block 215 chosen, for example within the sector 0, if the sectors 0 and 1 of a couple are 
mentioned as an example as shown in drawing 7 for example. A non-choosing opposite block is the 
small block 215 in a sector 0 and the adjoining sector 1, and means a selection block and the 
adjoining small block 215. A non-choosing block means the selection block in a sector 0 and 1, and 
all small blocks 21 5 other than an opposite block (sectors 2-63 are also included). 
[0045] Moreover, a selection eel (Selected Cell: selected twin memory cell 100) and a non- 
choosing eel (twin memory cell 100 which was not Unselected Cell : chosen) are in the selection 
block at the time of a lead or a program. Furthermore, there are the memory devices 108A or 
108B of a selection side (Selected Side) and memory devices 108B or 108A of an opposite side 
(Opposite side) in a selection cel. 

[0046] Under the above definitions, each potential of the control gate line CG at the time of a 
program and elimination (erasion), a bit line BL, and a word line WL is shown in a following table 1 



and a following table 2 at the time of a lead. 
[0047] 

[A table 1] 



Mode 


Selected Block 




BS 


Selected Twin MONOS Cell 


Unselected Twin MC 


)NOS Cell 


WL 


Selected Cell ! 


Opposrted Cell 


WL 


BL 


CG 


BL 


CG 


BL 


CG 


Read 


4.5V 
(Opp.Side) 

Vdd 
(Sel£ide) 


Vdd 


OV 


1.5V±0.1V 


sense 


3V 


Vdd 
or 0V 


sense 
or 0V 


3v 

or 15V±0.1V 
orOV 


Program 


8V 


ttiv 


5V 


5.5V 


lprg=5uA 
(0to1V) 


2J5V 


feiv 

orOV ! 


5V 
or Vdd 
or(0t»1V) 


5.5V 
or 25V 
orOV 


Erase 


8V 


OV 


4.5 to 5V 


-1 to-3V 


4.5to5V 


-1 to -3V 









[0048] 
[A table 2] 



Mode 


Oppos 


ite Block 


Unselected Block 


BS 


WL 


BL 


CG 


BS 


WL 


BL 


CG 


Read 


4^V 
(Opp.Side) 

Vdd 
(SeiSide) 


Vdd 
orOV 


0V 


OV 


OV 


OV 


F 


OV 


Program 


8V 


&1V 
orOV 


OV 


0V 


OV 


0V 


F 


OV 


Erase 


BV 


0V 


OV 


OV 


0V 


OV 


F 


OV 



[0049] Hereafter, actuation in each mode is explained based on a table 1 and a table 2. 
[0050] (Data read-out from a memory cell) A ** type-izing [ one twin memory cell 100 / thing / 
the transistor T2 driven by the WORD gate 104, the 1st and the transistor T1 driven by the 2nd 
control gate 106A and 106B, respectively, and / which connected T3 to the serial ] as shown in 
drawing 8 . 

[0051] As it faces explaining actuation of the twin memory cell 100 and is shown in drawing 9 , 
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setting out of the potential of every place of three twin memory cells 100 [M] which adjoin within 
a certain selection block in a sector 0 (selected small block 215), [i], [i+1], and [i+2] is explained 
first- Drawing 9 is drawing explaining the case where the data from MONOS memory device 108B 
(selection eel) on the right-hand side of the WORD gate 104 of the twin memory cell 100 [i] 
connected to the word line WL1 are read in reverse mode, and drawing 10 shows electrical- 
potential-difference setting out with the selection block at that time. 

[0052] In this case, Vdd (for example, 1 .8V) is impressed to the WORD gate WL1 in the same line 
as the twin memory cell 100 [i] as a word line selection electrical potential difference for read-out, 
and each transistor T2 of that line is made to turn on. Moreover, an exaggerated RAIDO electrical 
potential difference (for example, 3V) is impressed to control gate 106A on the left-hand side of 
the twin memory cell 100 [i] (opposite eel) through the subcontractor trawl gate line SCG [i], and 
the transistor T1 which corresponds at MONOS memory device 108A is made to turn on. As an 
electrical potential difference VCG of control gate 106B on the right-hand side of the twin 
memory cell 100 [i], the read-out electrical potential difference Vread (for example, 1.5V) is 
impressed. 

[0053] At this time, actuation of transistor T3 which is equivalent to MONOS memory device 108B 
by whether the charge was accumulated in MONOS memory device 108B on the right-hand side 
of the WORD gate 104 (selection eel) is divided as follows. 

[0054] Drawing 1 1 shows relation with the current Ids which flows between the source-drains of 
transistor T3 equivalent to the applied voltage to control gate 106B on the right-hand side of the 
twin memory cell 100 [i] (selection eel side), and MONOS memory device 108B (selection eel) 
controlled by it. 

[0055] As shown in drawing 1 1 , when the charge is not accumulated in MONOS memory device 
108B (selection eel), if control gate voltage VCG exceeds the low threshold electrical potential 
difference Vlow, Current Ids will begin to flow. On the other hand, when the charge is accumulated 
in MONOS memory device 108B (selection eel), unless the control gate potential VCG of a 
selection side exceeds the high threshold electrical potential difference Vhigh, Current Ids does 
not begin to flow. 

[0056] the electrical potential difference Vread which carries out data reading appearance and is 
sometimes impressed here at control gate 106B of a selection side — two threshold electrical 
potential differences Vlow and Vhigh — it is mostly set as intermediate voltage. 
[0057] Therefore, when the charge is not accumulated in MONOS memory device 108B (selection 
eel), Current Ids flows, and when the charge is accumulated in MONOS memory device 108B 
(selection eel), Current Ids will not flow. 

[0058] Here, as shown in drawing 10 , the bit line BL [i] (impurity layer 1 10 [i]) connected to the 
opposite eel at the time of data read-out is connected to a sense amplifier, and the potential VD 
[i-1] of other bit lines BL [i+1], and [i+2], [i+1], and [i+2] are set as 0V, respectively. Since 

Current Ids will flow when the charge is not accumulated in MONOS memory device 108B 
(selection eel) if it carries out like this, the current for example, more than 25microA flows to the 
bit line BL of an opposite side [i] through the transistors T1 and T2 of an ON state. On the other 
hand, since Current Ids does not flow when the charge is accumulated in MONOS memory device 
108B (selection eel), even if transistors T1 and T2 are ON states, the current which flows to the 
bit line BL [i] connected to the opposite eel is set to less than 10 nAs. Therefore, data read-out 
from MONOS memory device 108B (selection eel) of the twin memory cell 100 [i] becomes 
possible by detecting the current which flows to the bit line BL of an opposite side [i] with a sense 
amplifier. 

[0059] In addition, with the gestalt of this operation, as shown in drawing 10 , bit line selection 
transistor (n mold MOS transistor) 21 7A is connected to a bit line BL [i] and [i+2], and bit line 
selection transistor 21 7B is connected to a bit line BL [i-1] and [i+1]. 

[0060] These selection transistors 21 7A and 127B are difficult for securing current actuation 
capacity highly due to size, and serve as the channel width of W= 0.9 micrometers, and L= 0.8 
micrometers of channel length with the gestalt of this operation. 

[0061] It supplies through the booster circuit which does not illustrate the gate voltage of bit line 
selection transistor 21 7A on the need of securing an above-mentioned current to the bit line BL 
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[i] connected to a sense amplifier, for example, the electrical potential difference of 4.5V is 
supplied. 

[0062] On the other hand, the electrical potential difference by the side of the source of MONOS 
memory device 108A of the selection side of drawing 10 turns into an electrical potential 
difference (about dozens-100mV) near 0V. For this reason, since there is little effect of the 
backgate of bit line selection transistor 21 7B, that gate voltage has been set as Vdd. Since it is 
not necessary to supply 4.5V to this gate, the load of an above-mentioned booster circuit (charge 
pump) can be lessened. 

[0063] In addition, about the non-choosing eel within a selection block, it becomes electrical- 
potential-difference setting out as a table 1 . 

[0064] Next, with the selection block in a sector 0, and the opposite block in the sector 1 which 
counters (small block 215), it becomes electrical-potential-difference setting out as the above- 
mentioned table 2, and the situation is shown in drawing 12 . In drawing 1 2 , since the electrical 
potential difference of each word line WL and the gate voltage of a bit line selection transistor are 
shared with sectors 0 and 1 , they serve as the same setting out as the inside of the selection 
block shown in drawing 10 . All bit lines are set as 0V. 

[0065] It is except a selection block and an opposite block, and with the non-choosing block (small 
block 215) which exists in sectors 0-63, it becomes electrical-potential-difference setting out as 
the above-mentioned table 2, and the situation is shown in drawing 13 . 

[0066] this non-choosing block — ta both the gate voltage of the bit line selection transistors 21 7A 
and 21 7B word line WL and the control gate line CG — although — it is set as 0V. Since the bit 
line selection transistors 21 7A and 21 7B turn off, a bit line BL will be in floating. 
[0067] (Programming of a memory cell) Drawing 1 4 is drawing explaining data programming of 
MONOS memory device 108B (selection eel) on the right-hand side of WORD GEDO 104 of the 
twin memory cell 100 [i] connected to the word line WL1, and drawing 1 5 shows the situation of 
electrical-potential-difference setting out within a selection block. Data elimination actuation 
mentioned later is carried out before this data programming actuation. 

[0068] In drawing 1 4 , as well as drawing 9 , potential of the subcontractor trawl gate line SCG [i] 
is made into exaggerated RAIDO potential (for example, 2.5V), and potential of the subcontractor 
trawl gate line SCG [i-1] and [i+2] is set to 0V. Here, exaggerated RAIDO potential is potential 
required in order to make the transistor T1 equivalent to MONOS memory device 108A turn on 
and to pass a program current irrespective of the existence of the program of MONOS memory 
device 108A (the component by the side of selection is a component of an opposite hand) on the 
left-hand side of the twin memory cell 100 [i]. Moreover, the potential of each WORD gate 104 of 
drawing 1 5 is set as the about [ 1.0V ] word line selection electrical potential difference for a 
program lower than supply voltage Vdd by the word line WL1. Moreover, the potential of control 
gate 108B (selection eel) on the right-hand side of the twin memory cell 100 [i+1] is set as the 
write-in electrical potential difference Vwrite (for example, 5.5V) shown in drawing 4 which is the 
control gate voltage for a program through the subcontractor trawl gate line SCG [i+1]. 
[0069] Next, electrical-potential-difference setting out of a bit line BL is explained with reference 
to drawing 16 . Drawing 16 shows roughly the interior of Y pass circuit 400 connected to a bit line 
BL 

[0070] In this Y pass circuit 400, the 1st transistor 401 for connecting a bit line BL to a sense 
amplifier or a bit line driver and the 2nd transistor 402 for connecting with the other path are 
formed. The opposite signals YS0/YSO are inputted into the gate of the 1 st and 2nd transistor 
401,402. 

[0071] Supply voltage Vdd (1.8V) and the constant current source 404 which passes the constant 
current of 5microA are formed in the source of the 2nd transistor 402 through the switch 403. 
[0072] At the time of a program, it connects with a bit line driver through the 1st transistor 401 of 
drawing 16 , and the electrical potential difference VD [i+1] of the bit line BL of drawing 14 and 
drawing 1 5 [i+1] is set as 5V which are a bit line electrical potential difference for a program. 
[0073] Moreover, a bit line BL [i+2] is set as Vdd through the 2nd transistor 402 and switch 403 of 
drawing 16 . 

[0074] A bit line BL [i-1] and [i] are both connected to a constant current source 404 through the 
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2nd transistor 402 and switch 403 of drawing 1 6 . However, since the control gate line CG [i-1] is 
0V, the MONOS eel connected to the bit line BL [M] is turned off, and since a current does not 
flow, it is set as 0V through a constant current source 404. 

[0075] If it carries out like this, while the transistors T1 and T2 of the twin memory cell 100 [i] will 
turn on, respectively and Current Ids will flow towards a bit line BL [i], the trap of the channel hot 
electron (CHE) is carried out to the ONO film 109 of MONOS memory device 108B. In this way, 
programming actuation of MONOS memory device 108B is carried out, and "0" of data or "1" is 
written in. 

[0076] Here, the word line selection electrical potential difference for a program is set as about 
[ instead of about 1 V ] 0.77V, and there is also the approach of setting a bit line BL [i] to 0V. 
Though carried out, since the word line selection electrical potential difference for a program was 
raised with about 1 V, and the increase of the current between source drains and the current 
which flows into a bit line BL [i] are restricted by the constant current source 404 at the time of a 
program, the electrical potential difference of a bit line BL [i] can be set as optimum with this 
operation gestalt in (0-1 V at about [ 0.7V ]), and it enables it to carry out program actuation the 
optimal with the gestalt of this operation. 

[0077] 5.5V are impressed also to the control gate of nonvolatile memory component 108A on the 
right-hand side of the non-choosing twin memory cell 100 [i+1] on above-mentioned actuation. 
Since the control gate CG [i+2] on the right-hand side of the twin memory cell 100 [i+1] is set to 
0V at this time, originally between the source drains of the twin memory cell 100 [i+1] (between 
bit lines), a current does not flow. However, since 5V are impressed to a bit line BL [i+1], if high 
electric field are built between the source drains of the twin memory cell 100 [i+1] (between bit 
lines), a punch-through current will flow and rye TODI Staab will arise. Then, the electrical 
potential difference of a bit line BL [i+2] was set to Vdd instead of 0V, the potential difference 
between source drains was made small, and rye TODI Staab is prevented. Moreover, by the 
electrical potential difference which exceeds 0V for the electrical potential difference of a bit line 
BL [i+2], and carrying out to more than equivalent preferably with the word line selection electrical 
potential difference at the time of a program, since it is hard coming to turn on the transistor T2 
of a memory cell [i+1], DISUTABU can be prevented also by it. 

[0078] Moreover, since it is necessary to supply 5V to a bit line BL [i+1], 8V are impressed to the 
gate of bit line selection transistor 21 7B. On the other hand, 8V were impressed also as well as 
the gate of bit line selection transistor 21 7A. On the need of setting it as Vdd by the reason 
mentioned above to the bit line BL [i+2], since it was necessary to impress an electrical potential 
difference higher than Vdd also to the gate of transistor 21 7A, the 8V [ same ] as the gate voltage 
of transistor 21 7B were used. In addition, the gate voltage of bit line selection transistor 21 7A 
should be just higher than Vdd+Vth. 

[0079] In addition, about the non-choosing eel within a selection block, it becomes electrical- 
potential-difference setting out as a table 1 . 

[0080] Next, with the selection block in a sector 0, and the opposite block in the sector 1 which 
counters (small block 215), it becomes electrical-potential-difference setting out as the above- 
mentioned table 2, and the situation is shown in drawing 1 7 . In drawing 1 7 , since the electrical 
potential difference of each word line WL and the gate voltage of a bit line selection transistor are 
shared with sectors 0 and 1 , they serve as the same setting out as the inside of the selection 
block shown in drawing 14 . All bit lines are set as 0V. 

[0081] It is except a selection block and an opposite block, and with the non-choosing block (small 
block 21 5) which exists in sectors 0-63, it becomes electrical-potential-difference setting out as 
the above-mentioned table 2, and the situation is shown in drawing 1 8 . 

[0082] this non-choosing block — both the gate voltage of the bit line selection transistors 21 7A 
and 21 7B word line WL and the control gate line CG — although — it is set as 0V. Since the bit 
line selection transistors 21 7A and 21 7B turn off, a bit line BL will be in floating. 
[0083] What is necessary is just to set up the potential of every place of the twin memory cell 100 
[Ml [i], and [i+1], as shown in drawing 1 9 in order to program MONOS memory device 108A on 
the left-hand side of the twin memory cell 100 [i]. 

[0084] (Data elimination of a memory cell) Drawing 20 is approximate account drawing for carrying 
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out data elimination of all the memory cells in a sector 0 collectively, and the situation of the 
programmed voltage to some memory cells of the sector 0 is illustrated by drawing 21 . 
[0085] In drawing 20 , the potential of each WORD gate 104 is set as 0V by the word line WL f and 
the potential of the control gates 106A and 106B is set as the about [ -1 — 3V ] control gate line 
electrical potential difference for elimination by the subcontractor trawl gate line SCG [M], [i], 
[i+1], and [i+2]. Furthermore, each potential of a bit line BL [Ml [i], [i+1], and [i+2] is set as the 
bit line electrical potential difference for elimination of 4.5-5V by the bit line selection transistors 
21 7A and 21 7B and the bit line driver. 

[0086] If it carries out like this, the electron by which the trap was carried out to the ONO film 
109 of each MONOS memory devices 108A and 108B will be extracted by the tunnel effect, and 
will be eliminated by the electric field formed on the control gate voltage for elimination impressed 
to the control gate, and the bit line electrical potential difference for elimination impressed to the 
bit line. Thereby, data elimination is simultaneously attained in two or more twin memory cells. In 
addition, a hot hole may be formed by the band-band tunneling of the front face of the impurity 
layer which serves as a bit as elimination actuation unlike an above-mentioned thing, and the 
electron currently stored may be eliminated. 

[0087] Moreover, data elimination may be carried out not only by what carries out data elimination 
of the inside of a sector collectively but by time sharing. 

[0088] Next, with the selection block in a sector 0, and the opposite block in the sector 1 which 
counters (small block 21 5), it becomes electrical-potential-difference setting out as the above- 
mentioned table 2, and the situation is shown in drawing 22 . In drawing 22 , since the electrical 
potential difference of each word line WL and the gate voltage of a bit line selection transistor are 
shared with sectors 0 and 1, they serve as the same setting out as the inside of the selection 
block shown in drawing 1 8 . All bit lines are set as 0V. In neither of each eel within this opposite 
block, since the control gate line CG and a bit line BL are 0V, DISUTABU arises. 
[0089] It is except a selection block and an opposite block, and with the non-choosing block (small 
block 215) which exists in sectors 0-63, it becomes electrical-potential-difference setting out as 
the above-mentioned table 2, and the situation is shown in drawing 23 . 

[0090] this non-choosing block — both the gate voltage of the bit line selection transistors 21 7A 
and 21 7B word line WL and the control gate line CG — although — it is set as 0V. Since the bit 
line selection transistors 21 7A and 21 7B turn off, a bit line BL will be in floating. However, since 
the electrical potential difference of a bit line BL is an electrical potential difference almost near 
0V, when DISUTABU arises also in the eel within this non-choosing block, there is no **. 
[0091] In addition, this invention is not limited to the gestalt of operation mentioned above, and 
deformation implementation various by within the limits of the summary of this invention is 
possible for it 

[0092] For example, about the structure of the nonvolatile memory components 108A and 108B, it 
is not limited to MONOS structure. This invention is applicable to the non-volatile semiconductor 
memory using other various twin memory cells which can carry out the trap of the charge 
independently in two places with the one WORD gate 104 and the 1st and 2nd control gate 106A 
and 106B. 

[0093] Moreover, with an above-mentioned operation gestalt, it is an example about the number of 
partitions of the number of partitions of a sector field, a large block, and a small block, and the 
number of memory cells in small memory block, and other various deformation implementation is 
possible. Incidentally, it was decided from constraint of a metal wiring pitch that the number of 
partitions of a large block was set to 8. If a metal wiring pitch can be narrowed, the number of 
partitions can be increased further. For example, if it carries out comparatively for 1 6 minutes, 
since the load carrying capacity (gate capacitance) of one control gate line will become less 
further, high-speed actuation is attained more. However, since the number of the Maine control 
gate lines will increase if it carries out comparatively for 1 6 minutes, a line & tooth space is 
narrowed or area must be increased. Moreover, since the number of control gate drivers also 
increases, the part area increases. 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of a memory cell used for the non-volatile semiconductor 
memory concerning the gestalt of 1 operation of this invention. 

[Drawing 2] For the flat-surface layout pattern of the whole non-volatile semiconductor memory 
which shows drawing 2 (A) to drawing 1 , and drawing 2 (B), the top view of two sector fields in 
drawing 2 (A) and drawing 2 (C) are [ the top view of one large block in drawing 2 (C) and drawing 
2 (E) of the top view of one memory block in drawing 2 (B) and drawing 2 (D) ] the top views of 
one small block in drawing 2 (D). 

[Drawing 3] It is approximate account drawing for explaining much small memory block and wiring 
of one sector field shown in drawing 2 (B). 

[Drawing 4] It is the circuit diagram of small memory block shown in drawing 3 . 

[Drawing 5] It is the circuit diagram showing the relation of the small memory block and the 

control gate driver which are shown in drawing 3 . 

[Drawing 6] It is approximate account drawing showing the relation between two memory block in 
adjoining 2 sectors, and local drivers. 

[Drawing 7] It is approximate account drawing showing a selection block, opposite block of it and 
not choosing [ which counter ], and other non-choosing blocks. 

[Drawing 8] It is the representative circuit schematic of the memory cell shown in drawing 1 . 
[Drawing 9] It is approximate account drawing for explaining data read-out actuation with the non- 
volatile semiconductor memory shown in drawing 1 . 

[Drawing 10] It is approximate account drawing for explaining electrical-potential-difference 
setting out within the selection block in the time of data read-out. 

[Drawing 1 1] It is property drawing showing the relation of the control gate voltage VCG in a 

memory cell and the source-drain current Ids which are shown in drawing 1 . 

[Drawing 12] It is approximate account drawing for explaining electrical-potential-difference 

setting out within opposite block of not choosing in the time of data read-out. 

[Drawing 1 3] It is approximate account drawing for explaining electrical-potential-difference 

setting out within non-choosing blocks other than the opposite block in the time of data read-out. 

[Drawing 14] It is approximate account drawing for explaining data write-in (program) actuation 

with the non-volatile semiconductor memory shown in drawing 1 . 

[Drawing 1 5] It is approximate account drawing for explaining electrical-potential-difference 
setting out within the selection block in the time of a data program. 

[Drawing 1 6] It is the circuit diagram showing roughly Y pass circuit connected to a bit line. 

[Drawing 1 7] It is approximate account drawing for explaining electrical-potential-difference 

setting out within opposite block of not choosing in the time of a data program. 

[Drawing 1 8] It is approximate account drawing for explaining electrical-potential-difference 

setting out within non-choosing blocks other than the opposite block in the time of a data 

program. 

[Drawing 19] Drawing 1 5 is approximate account drawing for explaining electrical-potential- 
difference setting out within the selection block in the time of the data program over the memory 
device of a different selection side. 

[Drawing 20] It is approximate account drawing for explaining data elimination actuation with the 
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non-volatile semiconductor memory shown in drawing 1 . 

[Drawing 21] It is approximate account drawing for explaining electrical-potential-difference 
setting out within the selection block in the time of data elimination. 

[Drawing 22] It is approximate account drawing for explaining electrical-potential-difference 
setting out within opposite block of not choosing in the time of data elimination. 
[Drawing 23] It is approximate account drawing for explaining electrical-potential-difference 
setting out within non-choosing blocks other than the opposite block in the time of data 
elimination. 

[Description of Notations] 

100 Twin Memory Cell 

102 P Type Well 

104 WORD Gate 

106A, 106B Control gate (line) 

108A, 108B Nonvolatile memory component (MONOS memory device) 

109 ONO Film 

110 Impurity Layer (Bit Line) 

200 Memory Cell Array Field 

201 Global Word Line Decoder 
210 Sector Field 

212 Large Block 

214 Memory Block 

215 Small Block 

216 Small Memory Block 

21 7A, 21 7B Bit line selection transistor 
220A, 220B Local driver 
300,301 CG (control gate) driver 

400 Y Pass Circuit 

401 1st Transistor 

402 2nd Transistor 

403 Switch 

404 Constant Current Source 
WL Word line 

BL Bit line (impurity layer) 
MBL Maine bit line 
SCG Subcontractor trawl gate line 
MCG The Maine control gate line 
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